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Abstract

general formula for 4-port nonreciprocal circuit is given. The effects of
structures and physical properties of resonator on the characteristics of the
are investigated. The limitations of available frequency range are clarified.

Introduction

SO far a large number of studies concern–
ed with magnetically tunable ferromagnetic
resonance filters have been reported. Only
a few of them are studies on nonreciprocal
filters in the sense that there is a very
small attenuation in one direction of propa-
gation, and a large attenuation in the rever-
se direction. Howeverr in the case of strip-
line, the available frequency ranoe of no

abo;t 1 3:17;2.reciprocal filters is narrow: .

In the 1972 IEEE G-MTT, we proporsed a
new n nreciprocal 4-port circuit shown in

9
Fig.1 . The circuit operates over a multi-
octave frequency range as a nonreciprocal
bands filter, as a nonreciprocal bandpass
filter and as a magnetically-tunable resonan-
ce type circulator. An example of the exper-
imental results of this 4-port circulator is
shown in Fig.2a, where the center frequency
insertion loss in the passband and that in
the stopband are defined in Fig.2b.

The complete analysis of the 4-port non-
reciprocal circuit has not been reported yet.
The purpose of this report is to give the
theoretical formula for the response of 4-
port nonreciprocal circuit and to investigate
the effects of the circuit structure and the
physical properties of the resonator on the
characteristics of the circuit, in particular
at the resonant frequency.

General Formula

The circuit now in consideration consists
of two directional couplers and an X-form
orthogonal coupling with a magnetic resonator
placed in the center of the circularly polar-
ized RF ?nagnetic field.

The insertion loss in the passband, that
in the stopband and the net dissipation loss
of the resonator can be obtained through the
analysis of the X-form orthogonal coupling.
Here the detail of the derivation will be
omittec? and
follows:
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ZO= characteristic impedance of stripline,
Lc= self inductance of coupling line,
u = radian frequency connected with H, demag-

Zn tization factor and Umt ~m= radian frequency
connected with the saturat~on magnetization M ,
a! = Landau-lifshitz phenomenologycal loss terfi
of resonator, X = umA, A = inductance depend-
ing on the volume and position of the resona-
tor and the geometrical configuration of an
orthogonal coupling.

Characteristics

We will investigate the characteristics of
the circuit, in particular, at the resonance
frequency. At resonance, we get
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and the reverse loss of the bandpass filter
and that of the bandstop filter:
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where the index r means resonance, Qf= 2Z0/X~

k = urLc/X and the approximate expressions
h~ld In the case where k~/QuQfzcl (Qu=l\2~).
The characteristics of nonreciprocal bandpass
filter and the net dissipation loss of the
magnetic resonator at resonance are shown in
Fig.3. Also shown in Fig.4 the center freque-
ncy insertion losses and the center frequency
reverse losses, in the case where k increas-
es from 10 to 60.
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The dissipation loss of the resonator goes
through the maximum l\2 at a value of Qf= liar

after which i-t decreases and at last approach-
es a value of zero with increasing Qf. In re-
latively low regions of CLQ , even if an a of

fresonator has a smaller va ue, the center
frequency reverse loss in the passband de-
creases and. that in the stopband increases
with increasing k . These effects are consid-
ered to degrade t~e characteristics of the 4-
port circuit in higher regions of available
frequency range. The center frequency inser-
tion loss in the passband increases with in-
creasing a, while the center frequency inser-
tion loss in the stopband decreases in spite
of increasing the dissipation loss. Thus ,
there exists an optimum value of external Q.

The circuit structure is fixed, the center
frequency reverse loss in the passband is not
always increased and that in the stopband is
not always reduced, though the resonator with
smaller a is used. Thust it is a key point
whether Qf and k depending on M increase or
decrease. Consequently, for 4-~ort circulator

of this type, the magnetic materials which
have a large value of the product of Q and M

are of much importance as a magnetic r~sonato$

Also the circuit structure which reduces a

value of the ratio L /A is required. In such
a case as the ratio ~c/A can be reduced suf-

ficiently, it is considered that good perfor-
mances of the circuit may be obtained by using

even a polycrystalline magnetic resonator, if
the product Qu-Ms is adequately chosen.

Limitations

It is of great importance in the theory
and the practice to clarify the limitations of
available range and 3-dB bandwidth. The requi-
rements are here introduced as follows:

(9)

where 2 > n 2 1, N2>> 1. Under the conditions
restricted b~ (9) and in the case where
n ~ 1 + I/(N-l) , the lower and upper limita-
tion of the fractional 3-dB bandwidth are
approximately given by the following in
inequality:

N<Af<2 1——
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where Af is the bandwidth between 3-dB attenu-
ation points.

In the case of the ellipsoidally shaped
resonator, it is a well-known the fact that
the lower limitation f= of magnetically tuna-
ble range is given by fL> Ntf , where f =

u /2T, N = transverse componen?’ of magne%!izing
f%ctor. ‘The coupling impedance X is conside~-
ed to be independent of frequency over an ex-
tremely wide range, The directional coupler
with coupled-traasmissLon-lines has a ve~y
wide range, if it is adequately designed .
Therefore we get the upper limitation fH of

the available frequency range after due con-
sideration to (4) - (9):

——
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where Q;= unloaded Q of resonator at frequency

f The lower limitation fL can be lowered by
u~~ng a disk-shaped resonator and a 10w-Ms

resonator. As is obvious from (11) , the upper

limitation f can he extended by usinq a reso-
nator which gas a large value of ?Jls and by

designinq a coupling structure wh~ch has a
large ratio of A to Lc. Example of calcula-

tions is shown in Fig. 4.

Conclusion

The general formula for 4-port nonrecipro–
cal circuit is obtained. The results of
complete analysis show that even a poly-
crystalline resonator could be useful for the
nonreciprocal circuit of this tvpet if the
product of Qu and M has a suff;;iently large

value. Moreover th~ limitations of the frac-

tional 3-d.13 bandwidth and the

uency range are made clear.
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Fig. 1 Schematic 4-port nonreciprocal circuit

D~, D : 3-dB directional coupler
X: X-?orm orthogonal coupling
H: external dc magnetic field.
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Fig. 2a Output response of the 4-port
circulator. A dc magnetic field is
tuned to the YIG sphere resonance
and fixed.
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Fig. 2b Definition of filter response

parameters

Fig. 3 Insertion loss in the passband and
dissipation loss of 4-port non-
reciprocal circuit as a function of
aof at resonance,
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4 Insertion losses and reverse losses
of 4-port nonreciprocal circuit in
the case where kr increases from 10
to 80.
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Fig. 5 Upper limitation of available range.
fp fOr IL~pF, RL&F ~ 0,5 dB and

for ILr r
> 20 dB.
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